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COMPLETE SPECIFICATION 
Improvements in or relating to Electrical Machines 



We, Societe Generale de Construc- 
tions Electriqubs et Mecaniques (Als- 
thom), of 38 Avenue Kleber, Paris (16°), 
France — a French Body Corporate, do here- 
by declare the invention, for which we pray 
that a patent may be granted to us, and the 
method by which it is to be performed, to 
be particularly described in and by the fol- 
lowing statement: — 

The present invention relates to electrical 
machines, and has for an object improvements 
therein. 

During the asynchronous starting of a syn- 
chronous or asynchronous electric motor there 
is developed in the damper winding energy 
in the form of heat which depends upon the 
inertia of the machine to be started and 
upon the opposing torque of apparatus 
coupled thereto. 

That part of the temperature rise which 
is due to the opposing torque can usually be 
reduced to a low value by momentarily modi- 
fying the opposing torque. In the case of a 
turbo-alternator set in which the alternator 
is used as a motor and the turbine as a 
pump, it is possible for instance to reduce the 
opposing torque by releasing the drive be- 
tween the turbine and the alternator, by pro- 
viding a bypass link for die fluid to be 
pumped, or by clearing the turbine wheel 
of water. 

On the other hand, the temperature rise 
due to the inertia of the set cannot be re- 
duced and, in the case of high-inertia sets 
such as those used in hydraulic pumping 
power stations, this temperature rise can 
reach unacceptable levels that preclude asyn- 
chronous starting. 

It is known to cool the winding of an elec- 
rrical machine by continuous circulation of 
liquid. When such a winding is located on 
a rotating part, a cooling method of this 
kmd calls for a system of complex design for 
the admission and extraction of the liquid. 

IPric* 4s. 6d.J 



It is a specific object of the invention to 
provide a simple and efficient means for cool- 
ing the damper windings of electrical machines 
when the latter are to be started as motors. 

The invention consists in an electric 
machine having a rotor provided with a dam- 
per winding in thermal contact* with cooling 
ducts, wherein a cooling-liquid reservoir is 
located in the central part of the rotor and 
passages interconnect ^said reservoir and the 
ends of said cooling ducts in such manner 
as to cause a natural circulation of the cool- 
ing liquid to oe established between said ducts 
and said reservoir when the electric machine 
is started as a motor. 

In the case of a vertical rntnr v thic natu- 
ral circulation can l>e accomplished by a 
tflermo-siphon effect by using the tehuterarufe" 
rise sustained by the damper winding. In this 
case, certain of said passages interconnect 
the upper ends of said cooling ducts with the 
upper part of said reservoir, and the other 
passages connect the lower end of the cool- 
ing ducts with the lower part of the reservoir. 

Alternatively, natural circulation of the 
cooling liquid can be obtained through the 
dynamic effects engendered during rotation 
or starting of the rotor, such as through the 
momentum resulting from the difference be- 
tween the tangential velocities of the cooling 
liquid reservoir and of the liquid itself. Said 
toerconnecting passages accordingly open out 
into said reservoir and are draimferentially 
inclined therein, to one side in the case of 
those connected to one particular end of said 
cooling ducts, and to the other in the case 
of those connected to the other end of said 
ducts. 

In order to make use of the inertia force 
of the cooling liquid during acceleration of 
the rotor for the purpose of achieving a 
natural circulation of such liquid, said reser- 
voir may furthermore be partitianed by 
radial walls and said interconnection pas- 
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sages caused to terminate thereat after having 
ealhpTssed through one of these walls where- 
by £e of the interconnecting passages 
which are connected to one end of said cool- 
ing ducts open out on one side of said waDs 
and those which are connected tc . the . other 
end of said cooling ducts open out on the 
other side of said walls. . . . . 

-Se rotor shaft of the electrical machine 
may be hollow and a portion of its interior 
mav form said reservoir. 
m 7n order that the invention may be more 
clearly understood, reference will now be 
made to die accompanying drawings which 
show certain embodiments thereof by way 
of example, and in which:— 

Figure 1 shows in partial section a portion 
of a vertical rotor utilizing cooling liquid 
circulation in the damper winding on the 
tbermo-siphon principle, .„ 
Figures 2 and 3 show in partial section, 
respectively in side elevation and in plan 

5 S toe HI-HI of Figure 2, a por- 
tion^ of a rotor utilizing cooling liquid circu- 
lation in the damper winding responsive to 
the relative tangential velocities of the cool- 
in- liquid contained in the liquid reservoir 
and of the reservoir itself, and 

Figure 4 is a plan view in partial section 
of a portion of a rotor utilizing cooling 
liquid circulation in the damper wmdinj* re- 
sponsive to the inertia force of the cooling 
liquid during speeding up of the rotor. 

Referring now to the drawings, in the em- 
bodiment illustrated in Figure 1 a vertical 
hollow shaft 1 carries a rotor 2 fitted with 
damper winding bars 3. A portion of the in- 
terior of the hollow shaft 1,. defined by the 
walls 4 and 5, forms a cooling liquid reser- 
voir 6. "Within the bars 3 are formed ducts 

7 capable of being used directly as cooling 
ducts, but into which tubes 8 have been in- 
serted in this case. The bottom ends of tubes 

8 pass into a manifold 9 and then- upper 
ends into a manifold 10. Manifold 9 com- 
municates with the lower part . of reservoir 

6 through passages 11 and manifold 10 com- 
municates with the upper part of reservoir 
6 through passages 12. 

When die rotor is rotating and no heating 
occurs in the bars 3, the system will pro- 
duce no liquid circulation since the pres- 
sures set up in passages 11 and 12 ! by _ the 
centrifugal force cancel each other out. It the 
55 bars 3 should heat up, as happens when start- 
ing as a motor, convection will cause the not 
limiid to rise through the tubes 8 towards 
manifold 10 and the differ ence in die densi- 
ties - f the, linllH gfi ""ssaws LZ-j md « 

Ijff \ ^ i and the reservoir 6, R everse flow 
would take- place in the case of a liquid that 

j - «. ♦<** M «<tar><a-t-tir*>-rif»npndent variation 
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If the heat transfer into the bars 3 is large 
and quick enough locally to raise the hquid 
to boiling point in the tubes 8, the vapour 

given off ^to^JB^^?^^^ 
fetTr -wl7h~Fnui ture-u>f liquid and vaimiir TO 

dK^uk-SmiPed ^ die P*W, " » 
tnereby considerably increasmg the differ- 
ence in pressure between the passages 11 and 
12 and increasing the circulation. Jhe vapour 
formed thus locally condenses inside reseryoir 
6-^iVing up its heat to the liquid contained 
therein and increasing its mean temperature. 

The machine can be constructed so that 
the increase in temperature ^of the liquid m 
reservoir 6 d^s not^..tiieJiqm.dW bofl- 
j^odsuiLSSsm^-pXBSsai^ and to that end 
^couriTmust behad to a large sealed reser- 
voir with walls constructed to mthstand low 
pressure. Alternatively, the machine could 
foe constructed with a smaller hquid reser- 
voir, which would result in the boiling tem- 
perature being exceeded at normal pressure, 
in which case it . will be necessary to use 
reservoir walls constructed to withstand a 
higher preisure. Lastly, it would be posobte 
to use a much smaller liquid reservoir if boil- 
in«r of the liquid contained in the reservoir 
and escaping of the vapour into the atmos- 
phere is not a disadvantage, but m that event 
die reservoir will have to be re-filled pen- 

odically. - « 

The heat-resisting capacity of such a dam- 
per winding is thus considerably augmented 
and enables ttgh-inertia sets to be started 
asynchronously without undue heating up. 

Referring now to Figures 2 and 3, the 
hollow shaft 1 widens out into a cylinder 
13 which forms the reservoir containing the 
cooling liquid 14. As in die case of em- 
bodiment of Figure 1, the tubes 8 forming 
the damper winding cooling ducts open out 
into manifolds 9 and 10 connected to the 
reservoir through passages 11 and 12. Figure 
3 clearly shows the oppositely-directed ends ll« 
15 of passages 12 associated with manifold 
10 with respect to the ends 16 ofthe pas- 
sages associated with manifold 9. When the 
rotor rotates, the internal surface of cylinder 
13 entrains the cooling Hquid with it as the 115 
result of friction. But since the coefficient of 
viscosity of the liquid is comparatively low, 
its angular velocity is much lower than that 
of cylinder 13. The momentum resulting from 
the angular velocity differential between the 
cooling Hquid and the cylinder 13 thus cre- 
ates a pressure in passage 11 and a depres- 
sion (partial vacuum) in passage 12, thereby 
stimulating circulation of the cooling liquid 
through the tubes 8. 

Figure 4, in which parts similar to those 
of Figure 3 are designated by like reference 
numerals, shows a cylinder 13 partitioned 

1 -rrrollo 1*7 XWlth fllf* 15 16 
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these walls. As the rotor is speeded up, the 
cooling liquid responds to its own inertia 
force and is constrained to flow through the 
damper winding, as in the case of Figure 3. 
The partition walls 17 may extend over the 
entire height of reservoir 14, or else be pro- 
vided only facing the ends 15 and 16. 

As shown in Figure 2, the liquid circu- 
lates through the tubes 8, under the dynamic 
effects of speeding up of the rotor, in the 
same direction as that which the heating up 
of the dampers tends to produce, but could 
alternatively be caused to circulate in the 
opposite direction. 
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WHAT WE CLAIM IS: — 

1. An electrical machine having a rotor 
provided with a damper winding in thermal 
contact with cooling ducts, wherein a cooling 
liquid reservoir is located in the central part 
of the rotor and passages interconnect said 
reservoir and the ends of said cooling ducts 
in such man ner as to cause a natural <jTOllg- 
HEion oi m e cooling liquid to be established 

between said ducts and said reservoir when 
the electrical machine" is started up as a 
motor. 

2. A machine as claimed in claim 1, where- 
in, when said rotor is of the vertical kind, 
some of said passages interconnect the upper 
end of said cooling ducts with the upper 
part of said reservoir and the other passages 
interconnect the lower end of said cooling 
ducts with the lower part of said reservoir. 

3. A machine as claimed in claim 1, where- 
in said passages open out into said reservoir 



and are inclined circumferentially, to one 
side in the case of those connecting with one 
particular end of said cooling ducts, and to 
the other side in the case of those connected 
to the other end thereof. 40 

4. A machine as claimed in claim 2, where- 
in said reservoir is partitioned by radial 
walls and said passages terminate at said walls 
after each has passed through one thereof, 
whereby those of said passages which connect 45 
with one particular end of said cooling ducts 
open out on one side of said walls and those 
which connect with the other end of said 
cooling ducts open out on the other side of 
said walls. 59 

5. A machine as claimed in claim 1, where- 
in its shaft is hollow and a portion of the 
interior thereof forms said reservoir. 

6. An electrical machine rotor, substanti- 
ally as hereinbefore described with reference 55 
to Figure 1 of the accompanying drawings. 

7. An electrical machine rotor, substantially 
as hereinbefore described with reference to 
Figures 2 and 3 of the accompanying draw- 
ings. " 50 

8. An electrical machine rotor, substantially 
as hereinbefore described with reference to 
Figure 4 of the accompanying drawings. 

9. An electrical machine incorporating a 
rotor as claimed in any one of claims 6, 7 65 
and 8. 
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